Introduction
The Apuseni Mountains magmatic province in western Romania forms part of the wider area of Neogene calc-alkaline volcanism of the Carpathian-Pannonian region (Fig.   1 ). The province is situated at a distance of 200 km from the inferred subduction trench, which suggests that processes other than subduction must have been involved in magma generation. Apuseni magmatism consists of pyroxene-, amphibole-or biotite-bearing andesites with a few basaltic andesites, dacites and rare garnet-bearing andesites, developed in four NW-SE trending volcano-intrusive areas (Roşu et al., 2004a) . The largest continuous outcropping area is ca. 100 km long (Fig. 1) . Magmatic activity occurred from 14.7 to 7.4 Ma and concluded with a brief period of trachyandesitic volcanism at ~1.6 Ma (Pécskay et al., 1995; Roşu et al., 1997 Roşu et al., , 2004a . Roşu et al. (2001 Roşu et al. ( , 2004a and Seghedi et al. (2004) recently recognized that some magmatic rocks in the Apuseni region have unusual geochemical characteristics that are similar to those of adakites. Samples from the province can thus be classified into normal calc-alkaline, adakite-like calc-alkaline and alkaline types (Roşu et al., 2004a) .
Magmatism in the Apuseni Mountains has been interpreted by Seghedi et al. (1998 Seghedi et al. ( , 2004 and Roşu et al. (2004a) as being due to extension that caused magma generation by melting of the upper lithospheric mantle or lower continental crust, later followed by asthenospheric mantle upwelling. However, the extent of crustal contamination and fluid involvement in the genesis of the Apuseni magmas is still unknown. For this purpose, we have analysed O, H and Sr isotopes in fresh phenocrysts and groundmass from volcanic rocks that represent the entire spectrum of lava compositions and the whole time interval of magma generation in the Apuseni province, for which whole-rock 87 Sr/ 86 Sr and 143 Nd/ 144 Nd isotope data were already available (Table 1) .
Oxygen and hydrogen isotope ratios, in combination with 87 Sr/ 86 Sr, provide powerful constraints on magmagenesis, particularly the extent of crustal contamination, as well as the possible effects of fluid involvement. In this paper we report 27 new oxygen isotope data, 15 hydrogen and 18 new Sr isotope analyses on mineral separates and groundmass from eight samples from the Apuseni Mountains. We have analysed oxygen isotopes on separated minerals because several andesitic rock series from elsewhere in the world (e.g. Downes et al., 1995; Downes et al., 2001) have shown a significant difference between the δ 18 O values obtained for mafic minerals and those of the whole-rock powder, with the differences ascribed to low-temperature alteration. A unique feature of this study is the application of Sr isotope analyses to separated phenocrysts and groundmass in the volcanic rocks, in an effort to avoid the effects of late-stage alteration that may be associated with whole-rock Sr analyses. It has been shown by Davidson et al. (1998) and Tepley et al. (2000) that Sr isotope analyses of plagioclase and groundmass can provide insights into processes that affected the magmas in the time interval during which the phenocrysts and groundmass were formed.
Tectonic setting of the Apuseni Mountains
The basement of the Carpathian-Pannonian region comprises an assemblage of different continental blocks, with the Alcapa block in the north and the composite Tisia-Dacia block in the south (Balla, 1984 , Csontos et al., 1992 Brezsnyansky et al., 2000; Neugebauer et al., 2001) . Tisia and Dacia are microplates with different Mesozoic tectonic histories (Surmont et al., 1990; Pătraşcu et al., 1994) 
that collided in Early to
Mid-Cretaceous times (Balintoni 1997; Dallmeyer et al., 1999; Iancu et al., 2005) . The
Apuseni Mountains are outcrops of the Tisia terrane (Kazmer, 1986; Bleahu et al., 1996) .
Tectonic reconstructions suggest that, during Early to Middle Miocene times, both the Tisia-Dacia and Alcapa blocks experienced eastward translation (Csontos, 1995; Fodor et al., 1999; Huismans et al., 2001) , synchronous with subduction retreat, collision and orogenesis in the East Carpathians (Royden, 1988; Săndulescu, 1988; Royden and Burchfiel, 1989; Csontos et al., 1992; Csontos, 1995) .
During Eocene to Early Miocene times, the Tisia-Dacia block experienced ~ 20 o clockwise rotation (Pătraşcu et al., 1994; Panaiotu, 1998) at the same time as the Alcapa block underwent counterclockwise rotation (Márton and Márton, 1996) . The northeastern part of Alcapa was subject to continuous rigid counterclockwise rotations of 20 o -50 o (Panaiotu, 1998; Márton et al., 2000) at around 14 Ma to 12 Ma. At the same time, the Apuseni Mountains underwent very fast clockwise rotation (~60 o ) (Panaiotu, 1998 (Panaiotu, , 1999 , whereas a neighbouring area on the Tisia-Dacia block, the Mecsek-Villany area, did not rotate. The large clockwise rotation of the Apuseni part and non-rotation of the Mecsek-Villany area took place across strike-slip faults (Csontos et al., 2002) . As a result, extension with a NW-SE strike occurred along the western border of the Apuseni Mts. (Royden, 1988; Săndulescu, 1988; Balintoni and Vlad, 1998) . In addition, extension-related basins such as the Bekes and Zarand basins were generated in adjacent areas beneath the Great Hungarian plain (Balla, 1984; Györfi and Csontos, 1994) .
Sedimentation and magmatism in the Apuseni Mountains began at 16-15 Ma (Ghiţulescu and Socolescu, 1941; Balintoni and Vlad, 1998; Roşu et al., 1997 Roşu et al., , 2001 Roşu et al., , 2004a Seghedi et al., 1998 Seghedi et al., , 2004 . A consequence of this rotation was the synchronous extensional (Györfi and Csontos, 1994; Tari et al., 1999) and compressional deformation (Huismans et al., 1997; Ciulavu et al., 2000) , respectively west and east of the Apuseni Mts. During the Late Miocene to Recent, stress indicators for the southern part of Tisia and its rims
show that an E-W to NW-SE compressive stress prevails, along with important isostatic uplift (Ratchbacher et al., 1993; Bojar et al., 1998; Ciulavu et al., 2000; Huismans et al., 2001; Sanders et al., 2002 ).
Figure 1 also shows an integrated interpretation of low-frequency seismic reflection along the PGT4 profile with regional geothermal, geomagnetic, gravity and magnetotelluric data at the western margin of the Apuseni Mountains (Takács et al., 1996) that shows an asthenospheric upwelling below the Zarand basin, the largest graben system at the western edge of the Apuseni Mountains. developed along the Carpathian arc in the front of Alcapa and Tisia-Dacia (Pécskay et al., 1995 (Pécskay et al., , 2006 , in direct relationship with rollback subduction retreat and probable breakoff of the subducted slab (Nemčok et al., 1998; Seghedi et al., 1998 Seghedi et al., , 2001 Seghedi et al., , 2004 Wortel and Spackman, 2001) . During Late Middle Miocene times (~11 Ma), collision of Tisia-Dacia with the East European platform took place, causing the retreating subduction processes to cease (Csontos, 1995; Maţenco, 1997; Zweigel, 1997) .
Magmatic development of the Apuseni Mountains Province
A complete discussion of the geochemistry of the magmatic rocks under consideration is given by Roşu et al. (2004a) . The studied samples all contain 55-63 wt% increase from the onset to the end of magmatic activity (Fig. 3) . These trends suggest a tendency towards more alkaline magmatism and more "primitive" magma sources. Each period of eruption was characterized by specific magma compositions. Rocks older than 12.5 Ma are normal calc-alkaline; those younger than 12.5 Ma show high Sr/Y ratios, suggesting an adakitic nature; those generated between 10 and 7.4 Ma have higher Nb contents and Nb/Y ratios; the young alkaline volcano (1.6 Ma) shows a trend towards an intraplate OIB-type composition (Fig. 3) .
Since among the normal calc-alkaline rocks, the older ones (14.5-13.0 Ma) have higher 87 Sr/ 86 Sr ratios, Roşu et al. (2004a) (Roşu et al., 2004a) .
Sample selection and analytical techniques
Rock types, geographic locations and key geochemical characteristics of samples examined in this study are given in Table 1 . Petrographic and compositional information can be found in Roşu et al. (2004a) . The rocks were first crushed to 0.30 mm in a percussion mortar. Rock chips were sieved and handpicked under a binocular microscope for fresh phenocrysts free of glass or alteration. We concentrated clinopyroxene, amphibole, biotite and plagioclase phenocrysts and also separated groundmass material composed of glass and various microliths. Clean phenocrysts were ultrasonically washed in acetone and dried prior to analysis.
Electron microprobe analyses of pyroxenes were carried out using a Jeol 8600
Superprobe at the Department of Earth Sciences, Utrecht University. Amphiboles from samples 776 and 767 were also measured. All measurements were performed using WDS with an accelerating voltage of 15 kV, a beam current of 10 nA and spot sizes of 10 µm.
Counting times were 30 seconds for Mg, Al, Si, and Ca, 50 s for Ti and Fe, 100 s for K and 200 s for P and Mn, and 40 s for Na. For each rock, between 10 and 20 pyroxene crystals (as mineral separates mounted in epoxy resin) have been analysed and Table 2 gives a selection of the most representative crystal compositions.
Oxygen isotope analyses of minerals and groundmass were carried out at the Institute of Earth Sciences, Geology and Paleontology, University of Graz. Samples were heated with a 20W CO 2 laser following the technique of Sharp (1990 Table 3 .
Results
All the analyzed rocks lack olivine but contain phenocrysts of clinopyroxene, amphibole, biotite and abundant plagioclase. With the exception of andesite sample 5199, where the clinopyroxene Mg# is 78-80, all the clinopyroxenes show high Mg#s (87-91) (Table 2 ). Some rocks (e.g. 767, 788 and UR-3) contain a few crystals that show compositional differences between their rounded cores and their euhedral margins. This is most likely due to magma mixing since the crystal margins show a much higher Mg# than the cores, a feature that is incompatible with fractionation. In sample 788 one crystal has a rim with a lower Mg# than the core, which can be related to fractionation; however the rest of the crystals in this sample show high Mg#s. Amphiboles from samples 776 and 767 show Si contents (TSi > 6.5 apfu) characteristic of magnesiohornblende.
In Fig. 4a , the δ 18 O values of the mineral separates (Table 3 ) are plotted against SiO 2 content of the whole-rocks (Table 1) Tepley et al (2000) . Clearly, the whole-rock 87 Sr/ 86 Sr ratio should be the weighted mean of the values for the separated minerals and groundmass, and Figure 4c demonstrates that mafic minerals yield a clearly more primitive value (i.e. closer to that of the magmatic source) than that of the whole rock. This effect is particularly pronounced in samples 401 and 790, in which the difference between the whole rock value and that of the amphibole phenocrysts is >0.001.
The δD values on groundmass material vary from -84 ‰ to -127 ‰ (Table 3) .
They show a good correlation with the SiO 2 and age of the rocks, the older rocks having
higher δD values (Figs. 5a and 5b). The amphiboles and biotites show a similar pattern.
Generally, within a single sample, the groundmass has the lowest values and the biotite and amphiboles the highest. Water contents in groundmass material range from 0.8 to 3.6 wt %, although in the youngest sample UR-3 the water content was below detection limit.
Amphiboles and biotites have water contents in the range of 2-4.4 wt%. Results for amphiboles are similar to those for amphibole from calc-alkaline rocks elsewhere in the Carpathian-Pannonian region reported by Demeny et al. (2006) who suggested that both high and low δD were produced by degassing (H 2 O or H 2 release).
Discussion of Isotopic Variation
Fractional crystallization in a closed system induces δ 18 O crystal-melt fractionations of <1 ‰ for oxygen and <20 ‰ for hydrogen (DePaolo, 1981 showing the following order of isotopic enrichment due to fractional crystallisation:
biotite-hornblende-feldspar-groundmass (Taylor and Sheppard, 1986 (Table 3) , indicating isotopic fractionation within the expected range for fractional crystallization (Taylor and Shepard, 1986 between different phases. This suggests that fractional crystallization in a closed system was the major process that formed these rocks.
For several Apuseni Mountains samples (776, 767, 401 and 363) , the differences between the δD values of amphibole, biotite and groundmass are very close to 20 ‰ (Table 3) , indicating fractionation during crystallization in a closed system for this element. The magmas thus evolved in a closed system regarding hydrogen, although Sr and O isotopes for some of the samples indicate possible assimilation. In general the samples show a temporal trend, with higher δD values characterizing the older samples and lower δD values for the younger ones (Fig. 5b) . Accordingly, we can interpret the variation of δD values between samples as due to variation in δD of the source, with a more depleted source for the younger rocks. As well, δD data against the whole rock SiO 2 contents show a very good positive correlation that may be interpreted as due to magma evolution (AFC) or mixing of melts with different source compositions (Fig. 5a ).
Two phases of fluid participation can be discerned in the studied samples: (1) (Udubaşa et al., 2003 , Roşu et al., 2004a , 2004b , Neubauer et al., 2005 , but the rocks in this study were unaffected by hydrothermal fluids.
Petrogenetic processes -Comparison with neighboring areas
In this section, the Apuseni Mountains data will be compared with δ 18 O data for phenocrysts in magmatic rocks from other volcanic areas in the Carpathian-Pannonian region in order to evaluate the role of various petrogenetic processes and to distinguish between possible magmatic sources. Figure 6 shows (Pearce, 1982) , (2) crustal contamination of mantle-derived magmas acquired via assimilation-fractional crystallization within crustal magma chambers based on the shift to higher δ 18 O values (James, 1981; Davidson et al., 1990) , and (3) mixing between mantle-derived magmas and melts derived from metasedimentary crust (Harangi et al., 2001) . Our modelling focuses on combined crustal assimilation-fractional crystallization (AFC), source contamination (SC) and mixing with metasedimentary lower crust (MLC), which must be quantified and separated before an attempt can be made to constrain the magmatic sources (e.g. mantle, slab-derived melts, crust) and to distinguish between different mantle (asthenospheric, lithospheric) and crustal sources. Results for all three models are shown in Figure 7 . Peccerillo and Taylor (1976) and Mason et al. (1996) as related to contamination in the lower crust rather than the upper crust. According to Seghedi et al. (2004) , the South Harghita magmas formed by mixing between slab-derived melts with relatively high δ 18 O values (6-6.9 ‰) and melts from a variably enriched mantle source.
Source of Apuseni Mountains magmas
The real nature of the source of the Apuseni Mountains magmas is difficult to envision. However, the presence of garnet-bearing andesites among the earliest volcanic rocks in the area leads us to the assumption that the source could be the lower crust that may include mafic garnet granulites. Such granulites are found as xenoliths brought to the surface by alkali basaltic magmas in the neighbouring Pannonian Basin (Kempton et al., 1997 , although they represent the lower crust of the Alcapa terrane rather than the Tisia-Dacia block. They are isotopically and lithologically heterogeneous. Along with mafic granulite xenoliths, metasedimentary lower crustal material has been found, whose isotopic composition was used in this paper as the possible lower crustal component for mixing in our modelling (Fig. 7) . Drummond et al. (1996) reported the augmentation of Sr content in adakitic melts formed by high-pressure partial melting of basalts, where it behaves incompatibly due to the absence or instability of plagioclase, whereas Y is controlled by the presence of garnet in the residuum. A plot of δ 18 O vs. Sr/Y (Defant and Drummond, 1990 ) was used to differentiate between adakite-type magmas and typical calc-alkaline magmas (Fig. 8) .
The diagram indicates two contrasting trends for calc-alkaline magmatism in the (Mason et al., 1996; Roşu et al., 2004a) . These rocks show high Mg#s in most of their clinopyroxenes, which suggests that the magmas may represent primary melts (Bindeman et al., 2005) , whereas the absence of olivine phenocrysts may be interpreted to indicate an olivine-free source.
Most adakites, e.g. from Adak and Cook Islands, also lack olivine and contain only clinopyroxene phenocrysts with similar δ 18 O values to those from the Apuseni samples (Bindeman et al., 2005) . On the other hand a narrow range and low δ 18 O variations in pyroxene and amphibole in post-12 Ma Apuseni Mountains magmas that show variable Sr/Y ratios suggest a magma source that was homogeneous in terms of δ 18 O, but compositionally heterogeneous. This supports the interpretation that melting took place at a deep level in the lower crust and/or in the enriched lithospheric mantle (Roşu et al., , 2004a Seghedi et al., 2004) . Also the hydrogen isotope composition shows a trend with time, the younger rocks having lower δD values, suggesting a change in source composition.
We have used a plot of δ 18 O mineral compositions vs. Nb/Zr in the whole-rocks (Fig. 9 ), since this ratio gives constraints on different mantle source components varying from ~0.03 (MORB value) up to 0.20 (OIB values). Different Nb/Zr ratios are generally interpreted in terms of variations in source composition and/or changes in degree of partial melting of the mantle (e.g. Thirlwall et al., 1994; Singer et al., 1996) . Samples O. This implies either source variation or variable degrees of melting of a source that was homogeneous with respect to its oxygen isotopic composition. This is different from typical adakite rocks that show source characteristics closer to MORB . The δ 18 O values of Apuseni magmas are slightly higher than those of the typical local OIB-type source, represented by olivine phenocrysts from alkali basalts of the Carpathian-Pannonian region (Dobosi et al., 1998) . This supports the suggestion of chemically heterogeneous, but isotopically uniform sources for magmas younger than 12.5 Ma, probably of lower crustal and/or lithospheric mantle origin (Roşu et al., 2004a) .
Model for magmagenesis in the Apuseni Mountains
Ever since the term "adakite" was introduced by Defant and Drummond (1990) , debate has emphasized that the term should not be restricted to processes related to slab melting, but can also be applied to those involving melting of the lower crust (e.g. Defant et al., 2002; Hou et al., 2004; Wang et al., 2006) . Generation of magmas with unusual geochemical characteristics (e.g. high Sr, Sr/Y and La/Yb values) can occur by the following mechanisms: a) partial melting of subducting oceanic crust at depths where garnet is stable in the residue (e.g. Gutscher et al., 2000; Sajona et al., 2000) ; b) partial melting of thickened lower continental crust (e.g. Atherton and Petford, 1993; Wang et al., 2005) or c) partial melting of delaminated mafic lower continental crust that converts to eclogite (e.g. Defant et al., 2002; Xu et al., 2002; Gao et al, 2004) .
Tectonic reconstructions (Fig. 2) and the seismic reflection profiles along the western margin of the Apuseni Mountains (Fig. 1) indicate an important rise of the lithosphere-asthenosphere boundary beneath the Zarand basin. This geodynamic situation is the result of extension and suggests that magma generation in this region cannot be associated with contemporaneous subduction, but instead is related to fast rotational tectonics in Miocene times (e.g. Seghedi et al., 2004; Roşu et al., 2004a) . The isotopic data presented in this paper support the conclusion that the Apuseni Mountains magmatism was not related to subduction, but instead resulted from an unusual extensional tectonic setting. As discussed above, recent hypotheses imply adakite-type magma generation may result from lower crustal melting. Two mechanisms have been invoked. The first is differentiation and/ or partial melting near the base of the subcontinental arc crust by re-melting ponded basalts and/or mafic cumulates at depths of at least 32-35 km (e.g. Bindeman et al., 2005) . This mechanism is probably not viable for the Apuseni Mountains magmatic province, where the present-day base of the crust is only at ~ 30 km (Takács et al., 1996, Rădulescu and Diaconescu, 1998 ). An alternative hypothesis is that mafic lower crust might convert to eclogite and partially melt even in convergent margins with thin crust (<30 km), if it delaminates and sinks into the underlying mantle (e.g. Defant et al., 2002) . Such a mechanism is possible in the Apuseni case and is illustrated on the lithospheric cross-section shown in Fig. 1 . We favor a close relationship between tectonic processes and magma generation as follows:
1. The period between 15 and 13.5 Ma was a time of fast rotations and the onset of magma generation. The resulting rocks show relatively high 86 Sr/ 87 Sr ratios, the highest amphibole δ 18 O and the lowest groundmass δD values and are probably a consequence of crustal decompression melting during this initial phase of extension. The observed isotope heterogeneity of lower crustal granulite xenoliths from the Pannonian Basin (Kempton et al., 1997; Dobosi et al., 2003) 2. Between 13.5 and 12.5 Ma, the amount of rotation diminished. This was the time-interval during which normal calc-alkaline magmas were generated, with lower 87 Sr/ 86 Sr and δ 18 O values than the older ones. This was probably a period of increasing temperature and pressure at the base of the crust due to rotational shear heating, which started to convert mafic lower crust into amphibole-bearing eclogites and produced normal calc-alkaline magmas, including garnet-bearing ones (unpublished data).
3. In the time-interval 12.5-10 Ma, after rotation ended, mainly adakite-like, but also normal calc-alkaline magmas were generated, which have lower 87 Sr/ 86 Sr and δ 18 O values in their early magmatic minerals. This was the main period of extension, volcanism and metallogenesis in the Apuseni Mountains (Roşu et al, 2004b) . The province contains one of the largest gold ore deposits in Europe and adakites are known to be linked to epithermal gold deposits (e.g. Thieblemont et al., 1997; Defant et al., 2002; Wang et al., 2005) . We suggest that formation of high density garnet-bearing (eclogitic) lower crust led to delamination, followed by partial melting and generation of adakite-like magmas in the underlying mantle. 
Summary and Conclusions
Volcanic rocks from the Apuseni Mountains Neogene magmatic province have δ 18 O values of 5.5-5.9 ‰ for clinopyroxenes, biotites and amphiboles, slightly higher than those of phenocrysts in alkali basalts from elsewhere in the Carpathian-Pannonian region (5.0 -5.34 ‰, Dobosi et al., 1998 It is plausible that three melting mechanisms may have operated individually or coupled (leading to local magma mixing) to generate the complex calc-alkaline nonsubductional magmatic association in the Apuseni Mountains. Most probably the order of events was as follows: (1) lower crustal decompression melting as a result of extensional tectonics (calc-alkaline magma generation between 14.5 and 13.5 Ma); (2) lower crustal delamination and eclogite generation by terrane rotation and lower crustal shear heating (normal calc-alkaline and mainly adakite-like magma generation between 13.5 and 7 Ma) and (3) asthenospheric upwelling triggering small degree melting, followed by magma mixing within the lithospheric mantle (alkaline magma generation, at 1.6 Ma). Pécskay et al. (1995) and Roşu et al. (1997 Roşu et al. ( , 2004b and whole rock geochemistry from Roşu et al. (2004a) . am-amphibole; bi-biotite; px-pyroxene (Takács et al., 1996) indicating an important astenosphere rise along lithosphere thining below the Bekes and Zarand basins.
Figure and table captions
Tectonic interpretation of the profile on the Hungarian teritory is after Csontos et al., 2002 and on the Romanian teritory is according to Săndulescu, 1988 . Magma generation processes are suggested for: (1) calc-alkaline magma generation by decompressional crustal melting at 14.5-13.5 Ma and (2) adakite-like magma generation by lower crustal delamination and eclogite formation during terrane rotation between 13.5-7 Ma. (Panaiotu, 1998 (Panaiotu, , 1999 Roşu et al., 2004a) . Fig. 4 Mason et al. (1996) . Harghita volcanic area; AB-local alkali-basalts; FC-fractional crystallization; AFCassimilation-fractional crystallization. Data from Downes et al., 1995; Mason et al., 1996; Dobosi et al., 1998; Seghedi et al., 2001 Seghedi et al., , 2004 . Downes et al., 1995; Mason et al., 1996; Dobosi et al., 1998; Seghedi et al., 2001 Seghedi et al., , 2004 et al., 1996) . O-Sr isotopic modeling of bulk mixing between these mantle sources and sediments produces mixing curves which indicate source contamination in the range of 0.5-1% for samples from the Apuseni and 1-3 % for Călimani and CS volcanic areas using DM or 1-3 % and 3-5 % for using EM. Bulk mixing between the EM source and metasedimentary lower crustal material (MLC) (composition derived from Harangi et al., 2001 ) would suggest that 3-7 % mixing is needed to produce the isotopic compositions of Apuseni magmas. Assimilation-fractional crystallisation curves (AFC) have been modelled using the most isotopically primitive compositions from the Călimani volcanic structure (sample C65) and CS (sample 134t) and a crustal assimilant (average value for East Carpathians local crust from Mason et al., 1996) . Between 5 and 20 % upper crustal contaminant is required in the AFC modelling for these areas (Seghedi et al., 2004) .
Despite the lack of a proper primitive composition for the Apuseni mountains samples, if we apply AFC modelling, < 3% assimilation can account for the observed range. CS-Central segment volcanic area (defined by Seghedi et al., 2004) ; Ap-Apuseni; SHSouth Harghita volcanic area; AB-local alkali-basalts. Data from Table 3 and Downes et al., 1995; Mason et al., 1996; Dobosi et al., 1998; Seghedi et al., 2001 Seghedi et al., , 2004 . CS-Central segment volcanic area (defined by Seghedi et al., 2004) ; Ap-Apuseni; SHSouth Harghita volcanic area; AB-local alkali-basalts. Data from Table 3 and Downes et al., 1995; Mason et al., 1996; Dobosi et al., 1998; Seghedi et al., 2001 Seghedi et al., , 2004 . 
